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@ Large scale production of DNA probes.

@ A process for production of a single strand of a nucleic
acid comprising a covalently linking to a solid substrate a
polynucleotide compiementary to the desired strand, hybri-
dizing said polynucleotide with a oligonucleotide, extending
the oligonucleotide in direction away from said substrate,
denaturing the hybridized poiynucleotide and extended
oligonucieotide, thereby to free the extended oligonue-
leotide from the solid substrate, and separating the extended
oligonucieotide. The product can be used for making analy-
tical probes.
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This invention relates 'to a methud for
e:

0}

scale production of a specific nucleic acid sedu2n
large scale production of a nucleic acidé seguence is
usually done by cloning the particular sequence in a
specific vector. The seqguence to be cloned is isolated,
identified and then coupled covalently to a single or
double-stranded vector. The vectors with the extra DNA
are separated from the host cell and, depending on the
requirements, the cloned piece of DNA has to be
restricted and separated from the rest of the DNA. If
one requires single-stranded DNA, either it is cloned in
a single-stranded vector or strand separator is
necessary. All these techniques involve skilled
manipulation of biochemical and biological systems:

Analytical Biochemistry, 140, 95-103(1984) describes
a2 method of producing DNA hybridization probes by
non-specifically immobilizing single strand DNA template
to_cellulose. Although the method is useful, the length
distribution of the newly synthesized product DNA is not
as uniform as might be desired. It now appears this may
be due to multiple attachments of the template DNA to the
cellulose.

It is accordingly an object of this invention to
synthesize specific nucleic acid sequences on a
relatively large scale without the continual need for
plasmids, cloning and restriction.

This and other objects and advantages are realized
in accordance with the present invention pursuant to
which there is provided a process for production of 2
single strand of a nucleic acid comprising covaiently
linking to a solid substrate a polynucleotide
complementary to the desired strand, hybridizing said
polvnucleotide with an oligonucleotide, extending tne
oligonucleotide in direction away from said substrate,

enaturing the hybridized polynucleotide and extenced

é
oligonucleotide, thereby to free the extended
O

[

igonucleotide from the solid substrate, and separating
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the extended oligonuclezotide f
linked polynucleotide which

rom the solid support

carrving the covalently
support is then recycled to an earlier step in the

process.
The intermediate product comprising

a single-stranded polynucleotide cov
" and an oligonucleotide

a solid
alently

(¥

substrate,
jinked to the solid substrate,
hybridized to the polynucleotide is also new.

The invention will b
+o the accompanying drawing which is a

e further described with

10 reference flow

sheet of a preferred process.
2 solid support 10 is covalently coupled t
the desired strand to be

o a DNA
strand 12 complementary to

the DNA strand having its 3'-end adjacent to

This product, 14, is known.
nding to the 5'-end of

o strand 12 of .

synthesized,

the solid support.

An oligonucleotide 16 correspo
the desired strand is then hybridized t
This solid new intermediate 18 is contacted

product 14.
oiution containing nucleoside triphosphates and

DNA polymerase, whereupon the
following the DNA
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with a s
the Klenow fragment of

oligonucleotide grows at its 3'-end,
producing the desired

_jﬂ ﬁ:ﬁ m
n
(&)

™

A

strand 12 serving as a template,
The structure constituting

i

strand 20 base-paired to 12.
-paired to the extended
the strand

T

+he polynucleotide base
oligonucleotice is denatured so as to release
20 to the solution and then the strand-containing
is separated from the product 14, as by

the product 14 then being recycled to an

(Y]
L

solution
centrifugation,
earlier step in the process.

The desired strand 20 can be recovered from its

(X}
«o©

csolution in any Xnown manner.
+he invention in greater detail, the

Sephadex, or Sepharose, &

ng which can be used to

Describing
solid support can be cellulose,
piece of paper, nylon or anythi
or similar residue.

25 react with an amine or aldehyde
e solid support in 2

The nucleic acid is linked to th

known manner, e.g., the latter providing an aldehyce oOT
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amine reactive group which can react with an amine or
aldehyde group provided on the nucleic acid to form a
Schiff's base, followed by its reduction as with a
borohydride to form an aminomethylene joinder between
support and nucleic acid. This is described more fully

in European Patent Application No. B85 101 407.6. The

link can also be a phosphate ester, etc.

After the gene probe or the gene to be copied has
been immobilized, it is primed with a suiteble piece oi
oligonucleotide such that the 5' end of the
oligonucleotide will hybridize to the 3' end of the
immobilized DNA. Since the 3' end of the immobilized DNA
is closer to the solid support, the 5' end of the
oligonucleotide will also be closer to the solid support
and the 3' hydroxyl residue of the oligonucleotide primer
will be available for primer extension by several DNA
synthesis enzymes, for example, DNA polymerase, Klenow
fragment of DNA polymerase or reverse transcriptase.
After the primer has been hybridized to the immobilized
DNA, it can be extended by using those enzymes and
suitable nucleoside triphosphate substrates. Aiter the
enzyme reaction is over, and the enzyme is washed away,
one can separate the newly synthesized DNA strand by
heating the solution or by adding some denaturing agent,
for example, sodium hydroxide solution, formamide or
dimethyl sulfoxide.

The solid support carrying immobilized nucleic acid
is separated from the solution containing the desired
strand as by filtration and/or centrifugation and the
solid support can be recycled, if desiréd, after washing.

The supernatant containing the desired strand is
subjected to dialysis, alcohol precipitation or the like,
to obtain pure strand which can then be used in known

manner. One such use is for making probes for diagnostic
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+ests as described more ‘fully in European Patent Appli-

cation No. 84 107 248.1. .
The invention will be further described in the

following illustrative examples wherein all parts are by

5 weight unless otherwise expressed oI apparent from the

context.

txample 1

site Specific Tmmobilization of the DNA for the

jon of the DNA probes for

10 ourpose of large scale product

sickle cell anemia diagnosis. ]
A segment of g-globin gene containing 737
ed in a vector M13mp7.

.~
ucl

1eotide residues has been clon
ce the cloning sites on M13mp7 are in an inverted
they exist in a double-stranded form even in
stranded M13 DNA. This double-stranded site can

o]

i
if

Sin

o

3

15 repeat,

<t

T
nsss ssnrd

single
be digested with proper restriction enzyme. M13mp7
-globin inserted is first

i

I i“"‘

1
1

vector with A/740 residues of 8
digested with the restriction enzyme which is either
Rl. The strands are then separated by gel

=

W

20 Bamdl or EcoO
electrophoresis. The fragment containing the globin

bilized onto Sephadex G25 by the following

LI

insert is immo

hy 3 S

procedure:
First the SephadeX particle is activate
The 737 ngbin

TP

T

d with CNBr

e
1

as has been described in Example 2.
fragment is tailed with terminal

ansferase using ATP as a substrate

)
w

“‘;;.

insert-containing

deoxynucleotidyl tr

(Examples 3 and 4). ATP, being a ribonucleoside

+riphosphate, contains a sugar residue which can be
oxidized to produce a dialdehyde. These dialdehyde
ted with the amide on the solid

LV ANA A0

o850
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residues can then be reac
support to form a schiff ba
produce secondary amine linka

and the DNA.
After the probe 1is immobi

se which can be reduced to

-

ge between +he solid suppor«

1ized, a primer containing

w
w

th the immobilized DNA and
either

19 nucleotides is hybridized wi

then the primer extension 1is performed by using
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Klenow fragment of DNA polymbras® T br ftvéise *° *°

transcriptase as will now be described.

Example 2
Preparation of the solid support containing Amine
{(NE.} groups.

Sephadex G25 powder (0.5 g) is mixed with 5 m
distilled water at room temperature for approximately 30
minutes. The product is washeé with distilled water and
resuspended in 20 ml ice cold distilled water. The
suspension is adjusted to pH 10.5 - 11 with a 5 M
solution of sodium hydroxide. The suspension is cooled
in an ice-bath (4°C) and 1.0 g so0lid cyanogen bromide is
added to the suspension. The suspension is retained in
the ice-bath and continuously stirred ior 30 minutes.
During this period, the pH is continuvously monitored and
maintained at 10.5 - 11 with sodium hydroxide (5 M). The
suspension is washed with ice cold distilled water and
treated with approximately 5 ml of hexamethylene diamine
(1 M solution in H,0, adjusted to pH 9 - 10 with HCl).
The Sephadex amine product is washed with water or other
suitable buffer, depending on the future use of the
product.

Example 3

Terminal transferase addition of ribonucleotides.

A ribonucleotide or deoxyribonucleotide can be
coupled to the 3'-hydroxyl terminus of a DNA molecuie or
bligonhcleotide by the enzymatic action of terminal
deoxynucleotidyl transferase. Twenty (20) nl DNA 737 bp
approximately 5 x 10-13 moles are dissolved in 20 nl
potassium cacodylate (1 M, pH 7.2). This solution is
incubated with 40 nl distilled water, 5-20 nl dithio
threitoel (DTT) (2 mM), 1-2 ul ribonucleoside triphosphate
(10 mM) and 50 pl magnesium chloride (20 mM) at 37°C for
5 minutes. The reaction mixture is subseguently cooled

in an ice-bath for 10 minutes. Terminal deoxynucleotidyl.

MD 212
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transferase (14 - 20 units) is ddded end the mixture is

incubated at 15° for 24 hours.
can be isolated from non-coupled nucleotides and protein

The modified nucleic acigd
by phenol extraction and alcchol precipitation.

Example 4

Coupling of end 1abeled nucleic acids to 2 solid

support.
a) Coupling via Schiff's base formation.

t cis-diols can be oxidized by
The dialdehydes can form

It is known tha
periodate to form dialdehydes.

Schiff's base with a primary am

of -NHZ. The Schiff's base can be reduced with sodium
borohydride to form a secondary amine.

in a similar meanner, (DNA containing 2
-hydroxyl terminus (Example 3) is
0.1 M, pB 5 at a

ine group via the addition

ribonucleotide at the 3'
dissolved in sodium acetate buffer,
1 mM. Twenty (20) pl of sodium
metaperiodate (100 mM) is added to 1 ml of the nucleic
acid solution. The reaction is allowed to proceed for 40
minutes at room temperature (25 °C). Following the

is adjusted to 8 with sodium hydroxide
to a Sephadex-amine

concentration of

reaction, the pPH

solution. The solution is added

(Example 2), prepared as described above,
r such as 0.1 M sodium acetate pH B. The

d for 30 minutes at room

suspended in a

suitable buife
reaction is allowed to procee
(25 °C) resulting in the formation of a

temperature
The Schiff's base is

suspension of Schiff's base.
reduced by the addition of sodium borohydride. The
reduction is carried out in four steps: Approximately
prepared sodium borohydride solution

0.15 ml of freshly
reaction is allowed to proceed

(200 mM) is added and the
for 30 minutes. Approximately 0.15 ml of sodium
borohydride solution is again added to the réaction-
for 60 minutes.

mixture and the reaction 1is continued
bsegquently

0.15 ml of the sodium borohydride is su

Another
After 90 minutes, another

added to the reaction mixture.
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aliquct of 0.15 ml of the sd&
adcded to complete the reacticn. The suspension is

contrifuged for 30 minutes at 2000 g. The supermatant :

n

-

decanted and the wash is repeated 3 times. The pellet i3
resuspended in 5 ml of the hybridizaticn buffer as in

Example 5.

Hybridization of the oligonucleotide 192' with the

immobilized 737 insert as in Example 4:

The 737 insert immobilized support is suspended in &
buffer containing 50 mM tris and 1 mM dithiothreitel.
Oligonucleotide 19A', Proc. Natl. Acad. Sci. USA 80, 2768
{(1983) is dissolved in the same buffer and is added to
the suspension. The whole mixture is heated to 653°C and
then brought down slowly to 50°C. The mixture is leit
for 15 minutes after which time it 1is cooled to room
temperature. Unreacted, unhybridized oligonucleotide is
removed by washing at 0°C with the same buffer. The
hybrid containing the immobilized support DNA is washed

with 15 mM tris buffer, pH 7.2.

Example 6

The preparation of the hybridization probe using

reverse transcriptase of the Klenow fragment of DNA

polymerase 1.

The hybrid immobilized onto the solid support _
produced in Example 2 is taken in a buffer containing 59
mM tris, pH 7.2, 10 mM magnesium sulfate, 1 m¥
dithiothreitol, 50 micrograms per ml BSA and 200 nM =sach
of 1—deoxy ATP, deoxy CTP, deoxy GTP, deoxy TTP ard,
e.g., 5 units reverse transcriptase or Xlenow fragmeit cit

DNA polymerase. The whole mixture is incubated at recm

oV
u

temperature for 30 minutes and the reaction is stopped O

centrifuging the supernatant and remcving the =olic

particles. The solid particles ars washed with the same
Srmamiis o

buifer and heated to 40°C aitar adding 60% =

D 212
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obe ‘from the solid
thoroughly with water,
recycled as in Example 2

remove the newly syhithesized pT

suppcrt. The suppert 1is washed

then with tris buffer and it is

and 3. The synthesized procbe is then analyzed by gel

electrophoresis to determine the length.

Example 7

r/

a beta-globin gere segment in M13  /{
2 single-stranded segment of the beéa-

be separated from the phage DNA
an approximately 740 base pair
ene was inserted into the
anded replicative form of

{ Cloning of

To prepare€
hemoglobin gene that can
in which it is propagated,
Alu I segment of the globin g

iinker region of the double str

M1l3mp7.

The linker region that has been incorporated into

estriction enzyme
t, and has the
se single—stranded

the phage DNA is not only rich inr
cleavage sites, but is a reverse repea
ng a duplex in otherwi

priority of formi
e double-stranded

phage DNA. Restriction enzymes requir
+hus the mp7 phage DNA can be cleaved
by the enzyme. Cloning of a foreign DNA segment into the
allows digestion of the

s EcoRI or Bam

o vector and

DNA as a substrate;

BEinc II site, for example,
single-stranded phage DNA by such enzymes 2
§I, separating the recombinant phage DNA int

+rands that are readily separable from one

insert s

another.

The 740 bp Alu I segment of the beta
ning of the gene and a portio
e segment was initially cloned by
and inserting

Recloning the

-globin gene

comprises the begin n of its

upstream flank. Th
converting the Alu I
the segment into pBR32

ends to EcoRI ends,
2 at its EcoRI site.
p7 in a useful location involved

ds of the globin segment SO that

4 into mp7 DNA digested with
the

EcoRI segment intd M13m
the filing-in of EcoRI en

Hine II. 1Insertion at the Hinc II site assured that
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insert could be effectively remo?ed from single-strandeg
recombinant phage DNA by EcoRI or Bam HI digestion.
Establishment of the orientation of the insert in
clones, andg determination of whether the insert strang in
phage was coding or noncoding, was accomplished, by
restriction enzyme digestion, and hybridization of
strand-specific synthetic probes to phage DNA.

Example 8
e r——— e tr——

The newly synthesized probe of Example 6 hybricdizes
with the 201 bp fragment of the Dde I digested nucleic
acids containing g8 -globin gere. This'probe is used for
the detection of the digestion pattern in a sickle and
normal £-globin genomic DNA -following the procedure
described in U.S. Patent No. 4,3595,486.

t will be understood that the specification and
examples are illustrative but not limitative of the
present invention and that other embodiments within the

spirit and scope of the invention will suggest themselves
to those skilled in the art. A
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for producing a specific

i. 5 structure

ising a solid substrate, a

cieic acid strand, compri
nded polynucleotide covalently linked at one

bstrate, and an oligonucleotide

V3
€

<

single-stra

W

end to the solid su
nybridized to the polynuclectide.

2.
the oligonucleotide comprisss at least

i3
rasidues.
3. A structure according to any of claims 1 and
2, wnerein the 3'-end of the polynucleotide is linkeé tc the
i3 solid substrate.
4. A structure accordlng to any of claims 1 to 3.,
wherein the link contains a -N C- bond.

29 5. A structure for producing & specific
nucleic acid strand, comprising a solid substrate, &
single-stranded first polynucleotide covalently linked at
one end to the solid substrate, and a second A
polynucleotide hybridized to the first polynucleotide,

25 one end of one polynucleotide being complementary to the

other end of the second polynucleotide.

6. A structure accerding to claim 5, wherein

de is l*nked to the

the 3'-end of the first polynucleoti
bond.

20 solid substrate, the 1ink containing a -N—C—
n of a single

7. A process for productio
inking to

ic. acid comprising covalently 1
otide complementary <o the
cleotide with an

strand of a nucle
a solid substrate a polynucle

ired strand, hybridizing said polynu
ending the oligonucleotide

)
wn

des
oligonucleotide, ext

in
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denaturing the
and extend

hybridizeq Polynucleotige
théreby to free the exte
solid substrate,

ed oligonucleotide,
nded oligonucieotide from the
and Séparating the extended

oligonucleotide.

8. A process according to claim 7, including
the further step of recycling the solig support carrying
the covalently linkegd polynucleotide.

MD 212
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von Firmen, die angeblich euro-
paische Patente registrieren

Zahlreiche Patentanmelder und Pa-
tentinhaber haben das Europai-
sche Patentamt darauf autmerk-
sarmn gemacht. dall Unternehmen
und Einzelpersonen - unter Ver-
wendung amtlicher oder amtlich
klingender Bezeichnungen - zur
gesetzlich nicht wirksamen Eintra-
gung von Patenten in nichtamtli-
chen Regisiern oder Publikationen
einladen. HierfGr werden in der Re-
ge! hohe Geldzahiungen veriangt,
ohne daf die Patentanmelder bzw.
-inhaber dafir eine adaquate Ge-
genleistung erhaliten.

Das Europaische Patentamt weist
darauf hin. daf’ eine gesetzlich
wirksame Veroffentlichung bzw.
Eintragung von europdischen Pa-
tentanmeldungen und Patenten
nur Uber das Europaische Patent-
amt erreicht werden kann und daR
die Eintragung in das Européische
Patentregister von Amts wegen er-
felgt.

Das Europaische Patentamt
warnt eindringlich vor den irre-
fuhrenden Machenschaften sol-
cher Unternehmen und Einzel-
personen. Insbesondere wird
darauf aufmerksam gemacht,
dal die angebotenen Leistun-
gen keinerlei Rechtswirkung
entfalten: Eine Zahlungsver-
pflichtung besteht daher nicht.

Stellen sich fir Sie weitere Fragen.
wenden Sie sich bitte an ihren Ver-
treter oder an das Europdische Pa-
tentamt (Tel: Miinchen 089/
23994512).

European Patent Office,
Erhardtstrasse 27.
W-8000 Munich 2

To all applicants, patent
proprietors and representatives

WARNING

Beware of approaches and
requests for payment from firms
purporting to register European
patents

Numerous applicants and patent
proprietors have informed the
European Patent Office that firms
and individuals using
official-sounding names have been
inviting them to register patents in
unoftficial registers or publications.
High fees are generally charged.
for which the patent applicant or
proprietor receives no real service.

The European Patent Office would
point out that it alone performs
legally effective publication and
registration of European patent
applications or patents, and that it
does so automatically.

The European Patent Office
warns all concerned to guard
against the subterfuges of such
firms and individuals. You
should also be aware that
because their services have no
legal effect whatsoever, there is
no obligation to pay.

If in doubt. please contact either
your representaiive or the
European Patent Office

(Tel. Munich 089/2399 4512).

Office européen des brevets.
Erhardtstr. 27,
W-8000 Munich 2

A tous les demandeurs, les titu-
laires de brevet et leurs manda-
taires

AVERTISSEMENT

concernant les offres fraudu-
leuses et les invitations & payer
émanant de sociétés qui pré-
tendent procéder a I'enregistre-

ment de brevets européens

De nombreux demandeurs et titu-
laires de brevet ont attire I'atten-
tion de I'Office européen des bre-
vets sur le fait que des sociétés et
des particuliers. utilisant des de-
nominations officielles ou a con-
sonance officielle. offrent d'effec-
tuer l'inscription — qui est dénuée
d'effet légal -. de brevets dans des
registres ou des publications non
officielles et réclament générale-
ment des sommes importantes.
sans contrepartie adégquate pour le
demandeur ou le titulaire du bre-
vet.

L'Office européen des brevets sig-
nale que la-publication et lI'inscrip-
tion de demandes de brevet europ-
éen et de brevets européens ne
peuvent produire d’effet légal que
st elies sont effectuées par I'inter-
mediaire de I'Office européen des
brevets, et que 'inscription au Re-
gistre européen des brevets a liey
d'office.

L'Office met instamment en
garde les demandeurs et leurs
mandataires contre les agisse-
ments frauduleux de ces so-
ciétés et de ces particuliers. I}
est notamment rappelé que les
prestations offertes ne produis-
ent aucune espéce d'effet juri-
dique, et qu’il n'existe donc au-
cune obligation de paiement,

Pour route auire quesiion a ce su-
jet. veuillez vous adresser a votre
mandataire ou 8 1'Office europeen
des brevets (tel.. Munich 082°2329
4512).
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